Background and objectives: We studied the relationship between microinflammation and endothelial damage in chronic kidney disease (CKD) patients on different dialysis modalities.
C hronic kidney disease (CKD) patients have a higher rate of mortality than the general population, which has been attributed to a higher rate of cardiovascular mortality (1) (2) (3) . Several studies have also reported a strong association between endothelial damage and chronic inflammation in CKD patients (4 -7) .
The percentage of proinflammatory blood monocytes with the CD14 ϩ CD16 ϩ phenotype is higher in hemodialysis (HD) patients (8, 9) , suggesting that these cells play an important role in the chronic inflammatory disease associated with uremia. CD14 ϩ CD16 ϩ cells have been described as a subset of human peripheral monocytes that are phenotypically more differentiated than CD14 ϩϩ and produce proinflammatory cytokines, such as TNF and IL-6 (10, 11) . In addition, a higher percentage of CD14 ϩ CD16 ϩ monocytes is correlated with endothelial damage in CKD patients (12) and, interestingly, the high levels of CD14 ϩ CD16 ϩ also predicted the appearance of cardiovascular disease. Recently, we reported that a decrease in the percentage of proinflammatory CD14
ϩ CD16 ϩ cells in uremic patients was associated with a greater clearance of large uremic toxins. In fact, we have demonstrated that on-line hemodiafiltration with a high convective transport reduced the percentage of proinflammatory CD14 ϩ CD16 ϩ cells in comparison with high-flux HD (13) . Furthermore, we have also observed that higher levels of CD14 ϩ CD16 ϩ in CKD patients were correlated with high plasma levels of endothelial microparticles, an early feature of endothelial damage (14) . The aim of the present study was to evaluate the effects of different dialysis modalities on microinflammation as assessed by the percentage of CD14 ϩ CD16 ϩ monocytes and endothelial damage associated with the CKD.
Materials and Methods

Human Subjects
Four different groups of CKD stage 5 patients were evaluated: nondialysis CKD patients (CKD-NonD); hemodialysis (HD); peritoneal dialysis patients with residual renal function Ͼ1 ml/min (PD-RRF Ͼ1); and peritoneal dialysis patients with residual renal function Յ1 ml/ min (PD-RRF Յ1). The CKD-NonD group included 14 subjects just before the initiation of chronic dialysis therapy. Their mean age was 67.7 years (range: 39 to 78 years), and mean renal creatinine clearance was 8.5 Ϯ 2.7 ml/min. The HD group included 15 patients with a mean age of 61.3 years (range: 33 to 77 years) and an average time on HD of 49.1 Ϯ 33.2 months (range: 14 to 122 months). The patients were dialyzed three times a week with a high-flux polysulfone membrane (HF80S; Fresenius Medical Care, Bad Homburg, Germany). Bicarbonate dialysate solutions were used in all treatments, the blood flow rate was 300 to 400 ml/min, and the duration of dialysis was individually adjusted to maintain an eKt/V above 1.2. All patients were dialyzed in the same dialysis unit using the same dialysate system. All patients were dialyzed through a native arteriovenous fistula. Blood samples were obtained just before starting the first HD session of the week. The dialysate revealed concentrations of bacterial and endotoxin contamination below the detection limit (100 colony-forming units/ml and Ͻ0.25 endotoxin units).
To analyze the influence of RRF, we divided the PD patients into two groups, according to whether their RRF was above or below 1 ml/min. RRF was measured within 2 months of initiation of the study. The PD-RRF Ͼ1 group consisted of 12 stable patients (10 patients in continuous ambulatory PD and two with automated PD), with a mean age of 67 years (range: 45 to 76 years) and average time on dialysis of 28.5 Ϯ 23.7 months (range: 7 to 83 months). The RRF in this group was 5 Ϯ 2.6 ml/min (range: 2.2 to 10.5 ml/min). The PD-RRF Յ1 group included 13 stable patients with a mean age of 58.7 years (range: 29 to 79 years) and average time on dialysis of 52.1 Ϯ 36.4 months (range: 17 to 70 months). The RRF was 0.1 Ϯ 0.2 ml/min (range: 0 to 0.6 ml/min). Both PD groups received an individual PD prescription sufficient to maintain a weekly Kt/V above 1.9. Criteria for patient selection included the absence of inflammatory disease, acute or chronic infection, autoimmune disease, hepatic insufficiency, diabetes, malignancy and, in the case of PD patients, a peritonitis-free period of at least 3 months. The patients were not on anti-inflammatory or immune-suppressive drugs. Ten healthy volunteers, matched by age (63.9 Ϯ 7.2 years) and gender (six women and four men) were used as controls. Informed consent was obtained from all patients after institutional approval.
Blood Chemistry
All samples were obtained in lithium heparin tubes and biochemistry tubes. RRF was calculated as an average of the creatinine and urea clearances by 24-h urine, corrected for body surface area. Hemoglobin levels were measured with an automated analyzer (Abbott Cell-Dyn 4000; Abbott Laboratories, Abbott Park, IL). High-sensitivity C-reactive protein (hsCRP) levels were determined by immunoturbidimetry; the reagents were supplied by Abbott Laboratories (Abbott Park, IL). The normal range of hsCRP was Ͻ5 mg/L. The concentrations of TNF-␣ and IL-6 were measured using a commercial sandwich ELISA with a sensitivity of 1 pg/ml (R&D Systems Europe). The analysis was performed using a microplate ELISA reader (Power Wave XS; Biotek) at 450 nm, and results are expressed as pg/ml.
Determination of CD14 and CD16 Mononuclear Phenotype Expression in Peripheral Blood
Blood was incubated with the mAbs M5E2 against the molecule CD14 conjugated with peridinin chlorophyll protein (PerCP), and 3G8 against the molecule CD16 conjugated with FITC. Both antibodies and the appropriate isotype controls were provided by Becton Dickinson (San Jose, CA). Flow cytometric analysis was performed with a FACScalibur flow cytometer (Becton Dickinson). Absolute CD14 ϩ CD16 ϩ monocyte numbers were obtained using BD TruCount Tubes (Becton Dickinson). To calculate the medium fluorescence intensity (MFI) of the receptors, the flow cytometer was calibrated with BD Calibrite 3 beads (Becton Dickinson) to adjust set fluorescence compensation.
Analysis of Serum Vascular Endothelial Growth Factor Protein by ELISA
The level of vascular endothelial growth factor (VEGF) protein in patient serum was analyzed by ELISA using the Quantikine VEGF ELISA Kit (R&D Systems, Minneapolis, MN). The samples were measured using a Power Wave XS microplate reader (Biotek, VT) set to 450 nm.
Determination of CD31
ϩ /Annexin V ϩ Endothelial
Microparticles in Plasma
Apoptotic endothelial microparticles (EMPs) were isolated as described earlier (15) . Plasma derived from 20 ml of citrate-buffered blood was separated from whole blood and immediately centrifuged at 13,000 ϫ g for 5 minutes. Plasma was incubated with monoclonal antibody against phycoerythrin-labeled anti-CD31 antibody (Caltag Laboratories, Burlingame, CA), followed by incubation with FITCconjugated Annexin V kits according to the manufacturerЈs instructions (Bender MedSystem, Vienna, Austria). The negative control (zero value) was obtained using the isotype antibodies. Flow Count Calibrator beads (Beckman Coulter, Marseille, France) were added. Analysis was performed in a Coulter Cytomic FC 500 flow cytometer (Beckman Coulter) with CXP software (Beckman Coulter). Each result (one single value) was the average of three independent determinations of the same sample.
Statistical Analysis
Results are expressed as mean Ϯ SD. Means from different patient groups were compared by repeated-measures ANOVA followed by the Bonferroni test. A t test for nonpaired data was used. The Spearman rank correlation coefficient was used to analyze the correlations. Differences were considered to be significant when P Ͻ 0.05.
Results
Basic Characteristics
Demographic and laboratory parameters of patients and controls are shown in Table 1 . There were no differences between the groups with respect to age, sex, leukocytes, and hemoglobin. There were differences between PD-RRF Ͼ1, HD, and PD-RRF Յ1 with respect to dialysis vintage and RRF (P Ͻ 0.05). There was a statistical difference between PD-RRF Յ1 and controls with respect to serum albumin levels (P ϭ 0.045). The inflammatory parameters, hsCRP, IL-6, and TNF-␣, were higher in uremic patients than controls (P Ͻ 0.005). TNF-␣ concentration was markedly elevated in HD patients in comparison with CKD-NonD, PD-RRF Ͼ1, and PD-RRF Յ1.
Distribution of CD14 ϩ
CD16
ϩ Monocytes in Healthy Subjects and Patients Figure 1 shows a representative study of the distribution of the subpopulations of monocytes in the peripheral blood of healthy subjects and CKD patients, as measured by flow cytometry. Monocyte population (G1) was defined using an SSCHeight/CD14-PerCP dot plot ( Figure 1A ) and backgated (G2) within the forward scatter-height (FCS-Height)/side scatter- Plasma IL-6, pg/ml, mean (min to max) height (SSC-height) ( Figure 1B) . Subsequently, CD14 ϩ CD16 ϩ monocytes in the G2 population were assessed using a CD16-FITC/CD14-PerCP dot plot. A representative study is shown in Figure 1 , C, D, E, and F. In all of our subjects, we observed at least two subpopulations of monocytes according to the expression density of the CD14 and CD16 receptors. In healthy subjects, most of the monocytes (82.5% Ϯ 4.6%) presented an elevated expression of the CD14 receptor (MFI: 820 Ϯ 51) and did not express CD16 ; P ϭ 0.001), CKD-NonD (7.7% Ϯ 1.2%; P ϭ 0.001), PD-RRF Ͼ1 (2.2% Ϯ 1.5%; P ϭ 0.001), and PD-RRF Յ1 ml/min (4.3% Ϯ 2.1%; P ϭ 0.001). There were also significant differences between CKD-NonD and both PD groups (P ϭ 0.001). For the CD14 ϩϩ CD16 Ϫ monocytes, there were no statistical differences between the groups. The percentages and absolute number of CD14 ϩ CD16 ϩ and CD14 ϩϩ CD16 Ϫ monocytes in the different groups are summarized in Table 3 .
Serum VEGF Protein Concentration
Serum VEGF concentrations were significantly higher in the three groups of uremic patients than in healthy subjects (P Ͻ 0.05) (Figure 2 ). VEGF concentrations were markedly elevated 
CD16
ϩ monocytes within the G2 population were assessed using CD16-FITC/CD14-PerCP dot plot (C, D, E, F). Representative histograms of CD14 ϩ
ϩ expression in different CKD patients and a healthy subject (C, D, E, F). The region represents CD14 ϩ
ϩ monocytes from controls, chronic kidney disease patients (CKD-NonD), hemodialysis patients (HD), and peritoneal dialysis patients (PD). in HD patients (393.1 Ϯ 86.9 pg/ml) in comparison with CKDNonD (232.0 Ϯ 74.9 pg/ml; P ϭ 0.001), PD-RRF Ͼ1 (217.4 Ϯ 86.3 pg/ml; P ϭ 0.001), and PD-RRF Յ1 (287.2 Ϯ 106.7 pg/ml; P ϭ 0.002). There were no differences between the CKD-NonD and either PD group.
Evaluation of CD31
ϩ
/Annexin V EMPs in Plasma
Apoptotic EMPs were higher in the three groups of uremic patients than in healthy subjects (Figure 3) . Patients on HD presented higher apoptotic EMP values (197.3 Ϯ 26.3 events/ l) than CKD-NonD (124.3 Ϯ 32.4 events/l; P ϭ 0.001), PD-RRF Ͼ1 (148.2 Ϯ 44.2 events/l; P ϭ 0.001), and PD-RRF Յ1 (179.5 Ϯ 39.8 events/l; P ϭ 0.002). There were no statistical significance differences between CKD-NonD and both PD groups (Figure 3) .
Correlation between Microinflammation (CD14 ϩ
CD16 ϩ ) and Endothelial Damage (VEGF Concentration and Apoptotic EMPs)
Interestingly, the monocyte percentage of CD14 ϩ CD16 ϩ in peripheral blood correlated significantly with VEGF concentration in HD (r ϭ 0.84; P ϭ 0.001) and CKD-NonD patients (r ϭ 0.63; P ϭ 0.02). There was also a significant correlation between CD14 ϩ CD16 ϩ and apoptotic EMPs in HD (r ϭ 0.79; P ϭ 0.001) and in CKD-NonD patients (r ϭ 0.91; P ϭ 0.001). However, there was no correlation between these parameters in either PD group and healthy subjects ( Figure 4 ). In CKD-NonD patients, the absolute number of monocytes correlated significantly with EMPs (r ϭ 0.51; P ϭ 0.043) and in HD patients, the absolute number of monocytes correlated with VEGF (r ϭ 0.6; P ϭ 0.031). There was no correlation between CRP and CD14 ϩ CD16 ϩ monocytes, EMPs, and VEGF.
Discussion
Our results showed an increase in the percentage of CD14 ϩ CD16 ϩ monocytes in CKD-NonD and HD patients. In PD patients, regardless of RRF, the percentage of CD14 ϩ CD16 ϩ was similar to controls. Endothelial damage, as assessed by an increase in apoptotic EMPs and serum VEGF concentrations, was observed in all CKD groups. It is interesting to note that HD patients displayed significantly higher apoptotic EMPs and VEGF levels than the two PD and CKD-NonD groups. In contrast, there were no differences between CKD-NonD and PD groups. In CKD-NonD and HD patients, the percentage of CD14 ϩ CD16 ϩ was correlated with endothelial damage. In sum- mary, it appears that PD, compared with HD, reduces but does not fully prevent the endothelial damage induced by uremia, in spite of presenting a microinflammatory status similar to that of the controls. We are aware of the limitations of our paper. This is a cross-sectional study of a small sample population. To minimize this potential bias, for each assay tested, measurements were performed in triplicate in the same laboratory and using a single batch of reagents. One other potential bias is that we selected CKD patients with no overt inflammation activity to avoid additional confounding factors. Therefore, these results cannot be extrapolated to patients with inflammation.
Inflammation is considered to be a cardiovascular risk factor for CKD (16, 17) . It is important to emphasize that our PD patients, in contrast to the results observed in CKD-NonD and HD, did not show microinflammation, as assessed by the percentage of CD14 ϩ CD16 ϩ monocytes. In a recent paper, we suggested that the expansion of CD14 ϩ CD16 ϩ in CKD patients may be a consequence of an ongoing inflammatory process induced by the uremia itself (13) . It is generally accepted that hemodiafiltration offers a highly effective dialysis modality that widens the spectrum of uremic toxins removed from small to medium-sized molecular solutes (18 -20) . On-line hemodiafiltration using high-substitution fluid produces a greater clearance of large uramic toxins (21, 22) . Furthermore, we have reported that dialysis modalities with high convective transport are capable of reducing but not normalizing the percentage of CD14 ϩ CD16 ϩ monocytes (13) . During the HD process, the interaction of peripheral blood mononuclear cells with the dialysis membrane may activate the former, with consequent increased synthesis and release of proinflammatory cytokines (23, 24) . Our results may be partially explained by the greater ability of PD to remove high-molecular weight uremic toxins (25) , although the potential role played by the contact between blood and foreign surfaces in the HD procedure should not be ignored.
With respect to microinflammation, the RRF may be regarded as a confounding factor when HD and PD patients are being compared. However, we found no significant differences between both PD groups, either with or without RRF. Furthermore, the percentage of CD14 ϩ CD16 ϩ was higher in the CKDNonD than PD-RRF Յ1 and PD-RRF Ͼ1. The high rate of peritonitis episodes may induce a chronic inflammatory status in PD; the potential selection of stable patients without peritonitis should have bypassed this issue. These data are in agreement with a recent report that demonstrated that the genomic inflammatory profile in PD is different from those observed in HD and uremic patients (26) . Endothelial damage is the first stage in the development of chronic vascular disease (27) . Endothelial cells may undergo vesiculation, leading to the release of EMPs into the bloodstream. These EMPs express endothelial-specific surface markers that reflect parent cell status. Apoptotic EMPs have been demonstrated in various pathologies associated with endothelial dysfunction, such as antiphospholipid syndrome (28), preeclampsia (29) , and acute coronary syndrome (30) . In uremic patients, the degree of EMP elevation is comparable with that reported in these pathologies, suggesting that excessive endothelial vesiculation could act as a new marker of endothelial dysfunction in uremia (31, 32) . Furthermore, circulating EMPs have recently been reported to correlate with impaired vascular function in HD patients (33) . In this study, we have observed that apoptotic EMPs were more numerous in the four uremic groups, being significantly higher in HD than in PD and CKDNonD patients. However, there were no differences between the PD and CKD-NonD groups. Other potential factors that might contribute to a better understanding of vascular pathology in CKD patients include cell growth factors (34) , such as VEGF. VEGF was initially thought to be an endothelial cell-specific mitogen that induces endothelial cell proliferation, but several studies have shown that VEGF may also contribute to the proliferation of vascular smooth muscle cells (35, 36) . Recent reports have demonstrated an association between elevated serum VEGF concentration and atherosclerosis (37, 38) . We have observed in this study that, like those of EMPs, VEGF values were markedly higher in uremic patients than in healthy subjects, and they were significantly higher in HD than in PD and CKD-NonD groups.
We found a correlation between CD14 ϩ CD16 ϩ and endothelial damage in CKD-NonD and HD patients but not in PD groups and controls. These findings may be attributed to the normal values of CD14 ϩ CD16 ϩ observed in PD patients, regardless of their RRF.
Conclusions
There was an increase in CD14 ϩ CD16 ϩ percentage only in CKD-NonD and HD patients. It is important to stress that in these patients there was a relationship between the increased CD14 ϩ CD16 ϩ percentage and endothelial damage. These results strongly suggest that other factors unrelated to the microinflammatory status mediated by CD14 ϩ CD16 ϩ are promoting the endothelial damage in PD, regardless of RRF.
